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1
$n\cross n$ $K$ , (RAP:repeated
assignment problem)[12] . RAP 0-1 [9] .
RAP: minimize $\sum_{k=1}^{K}\sum_{i=1}^{n}\sum_{j=1}^{n}c_{ij}^{k}x_{ij}^{k}$ (1)
subject $to\sum_{j=1}^{n}xk$ . $=1$ , $\forall i,$ $k$ , (2)
$\sum_{i=1}^{n}l_{ij}=1$ , $\forall j,k$ , (3)
$\sum_{k=1}^{K}l_{ij}\leq 1$ , $\forall i,j$, (4)
$\nearrow_{ij}\in\{0,1\}$ , $\forall i,j,k$ . (5)
, $c_{ij}^{k}$ $k$ , (4) . RAP
$c_{ij}^{k}\equiv c_{ij}$ [10] , . RAP





RAP . , 2.1
. , ,
, , , .
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21
. $C^{k}=(c_{ij}^{A})$ ,
$k=1,2,$ $\cdots,K$ , $k$ ,
. . $F\subseteq\{(i,j)|1\leq i,j\leq n\}$
. . $AP^{k}(F)$ $n\cross n$ , $(i,j)$
$\overline{c}_{ij}^{\#}=\{\begin{array}{l}c_{ij}^{k}, (i,j)\not\in F(6)\infty, (i,j)\in F\end{array}$
. $F$ , $k=1$ $F=\emptyset$ . $AP^{k}(F)$
2 $H^{k}(F)$ , [1, 5] $M^{k}(F)$ .
$M^{k}(F)$ $F:=F\cup M^{k}(F)$ .
.
1 $k\leq n$ , $H^{k}(F)$ .
.
1 RAP .
RAP , $\overline{z}_{RAP}$ .
22
(5) $x_{ij}^{k}\geq 0$ RAP $C(RAP)$ . 2$nK+n^{2}$ , $n^{2}K$
$(LP)$ , $n,$ $k$ . ,
$LP$ , , [13] .
221 ,
$LP$ .
$P$ : maximize $c^{T}x$ subject to $Ax\leq b,$ $x\geq 0$ ,
$P$ , $\overline{c},\overline{R}$ . $P$ $x^{*}$ $x_{j}^{*}=0$
$A$ $j$ , $i$ , $i$
.
177
$P$ $R\subseteq\overline{R},$ $C\subseteq\overline{C}$ , $R,$ $C$
$P(R,C)$ .
, $P(R,C)$ .
$P(R, C)$ : maximize $c_{0}^{T}x$ subject to $A_{00}x\leq b_{0},$ $x\geq 0$ .
$P(R,C)$ $x(R,C),$ $y^{*}(R,C)$ .
2 $x^{*}(R,C),$ $y^{*}(R,C)$
(i) $A_{10}x^{1}(R,C)\leq b_{1}$ ( )
(ii) $y^{*}(R,C)^{T}A_{01}\geq c_{1}^{T}$ ( )
. $C’,$ $R’$ $0$ $x^{*}:=(x(R,C),0),$ $y^{*};=(\gamma^{*}(R,C),0)$
.
$R$ $C$ , $P(R,C)$
. , $P$
. , , $R_{0}$ ,
$C_{0}$ , 2 (i), (ii)
, . .
Algorithm ,
Step 1. $R_{0},$ $C_{0}$ , $(R, C):=(R_{0}, C_{0})$ .
Step 2. $P(R, C)$ , $x^{*}=x^{*}(R, C)$ . $y^{*}=y^{*}(R, C)$ .
Step 3. $A_{10}x\leq b_{}$ , $R$ .
Step 4. $yA_{01}\geq c_{1}$ , $C$ .
Step 5. , $x^{*}$ , y$*$ ( $0$ ) $P$ ,
. Step2 .
222 RAP
, $C(RAP)$ , $(R_{0},C_{0})$ . $R_{0}$
(2), (3) . , $c_{0}$ ,
$\nearrow_{ij}=1$ ,




RAP , (4) [3] .
LRAP$(\gamma)$ : minimize $\sum_{k=1}^{K}\sum_{i=1}^{n}\sum_{j=1}^{n}(c_{ij}^{k}+\gamma_{ij})x_{ij}^{A}-\sum_{i=1}^{n}\sum_{j=1}^{n}\gamma_{ij}$
subject to (2), (3) and (5).
$\gamma=(\gamma_{ij})$ (4) . $\gamma\geq 0$ LRAP$(\gamma)$ $K$
.
$AP^{k}(\gamma)$ : minimize $\sum_{1i=}^{n}\sum_{j=1}^{n}(c_{ij}^{k}+\gamma_{ij})l_{ij}$ (7)
subject to $\sum_{j=1}^{n}x_{ij}^{k}=1$ , $\forall i$, (8)
$\sum_{i=1}^{n}x_{ij}^{k}=1$ , $\forall$ (9)
$l_{ij}\in\{0,1\}$ , $\forall i,j$. (10)
LRAP$(\gamma),$ $AP^{k}(\gamma)$ $\underline{z}(\gamma),\underline{z}^{k}(\gamma)$ . LRAP$(\gamma)$
,




. $(u^{\dagger},v^{\dagger},\gamma^{\dagger})\in R^{nK}\cross R^{nK}\cross Rf$
$C(RAP)$ . , $u^{\dagger},$ $v^{\dagger},$ $\gamma^{\dagger}$ (2), (3), (4)
. .





$\underline{z}^{k}$ , $AP^{k}(\gamma^{\dagger})$ $AP^{k}$ . , RAP
.
$z_{RAP} \sim=\sum_{k=I}^{K}\underline{z}^{k}-\sum_{i=1}^{n}\sum_{j=1}^{n}\gamma_{ij}^{\dagger}$ . (11)
3
$\delta\in\{0,1\}$ ,gap: $=\overline{z}_{RAP}-\underline{z}_{RAP}$ , $x_{ij}^{k}=\delta$ RAP$(\nearrow_{ij}=\delta)$ , $z(\nearrow$ . $=\delta)$
. $\underline{z}(x_{ij}^{k}=\delta)\geq\overline{z}_{RAP}$ , $x_{ij}^{k}=\delta$ , $\overline{z}_{RAP}$ -c$\check$
, $\nearrow_{ij}=\delta’$ $(\delta’:=1-\delta)$ . , $\underline{z}(x_{ij}^{k}=\delta)$ $AP^{k}$ $x^{k}$ . $=\delta$


















$)$ . $X=\{x\in R^{n}|Ax=b,x\geq 0\}$ . $\underline{z}$ 1
, $x_{j}$ $0$ 1 . , 1
, .
$0,1$ $F_{0}(i),$ $F_{1}(I)$ , .
$/\rfloor\backslash$ . $Q(f)$ : minimize $c^{T}x$ subject to $Ax=b,$ $x\geq 0$ , and
$x_{j}=1,$ $ifj\in F_{1}(1),$ $x_{j}=0,$ $ifj\in F_{0}(i)$ .
$z_{l}^{\star}$ , $l$ . $Q$
$z_{l}^{\star}:=\infty$ , .
4[14] $l\geq\underline{z}$ $z \int$ ,
(i) $l\geq z^{\star}\Rightarrow z_{l}^{\star}=z^{\star}$ ,
(ii) $l<z^{\star}=z_{/}^{\star}\geq z^{\star}$ ,
(iii) $l\geq z_{l}^{\star}\Rightarrow z^{\star}=z^{\star}$ .
, $l$ $z_{l}^{*}$ , $z_{l}^{*}$ $z^{*}$ RAP
.
42
RAP , $\alpha<gap$ $:=\overline{z}_{RAP}-\underline{z}_{RAP}$ $\alpha>0$
. .
180
5ANSI $C$ , Dell DIMENSION 8400 (CPU: Pentium$(R)4$ CPU
3.$40GHz$, :2OOGB) MIP ILOG CPLEX11.1 [4] .
. [1, 1000] , $k$ , [Floor, Ceil]
. ,
Floor $:= \max\{C_{ij}^{0}-1000(1-\sigma), 1\}$ , Ceil $:= \min\{c_{ij}^{0}+1000(1-\sigma), 1000\}$ .
, $\sigma$ . $\sigma=0.0$ , $\sigma=0.3$ , $\sigma=0.6$
.
51
1 , 10 . #col, #row
, , , #cycl Step2-5 . CPUi $\overline{z}$
$\underline{z}$ , gap $:=\overline{z}-\underline{z}$ .
2 1 $\alpha=5$ , CPLEX
. $0$ , 1 #fixO, #fixl, , #col, #row .
$z^{\star}$ , CPU ($CPU_{1}+$ )
. #int ( ) 0-1 (10 ) ,
#fixl $=nK,$ $\#fixO=n^{2}K-nK$ , #col$=\#row=0$ . , #solved
$(\alpha>\tilde{z}-\underline{z}_{RAP})$ (10 ) .
.





$\overline{z}$ #col #row #cycl $z$ gap CPU $|$$\overline{0.02004}$7054.41604.22471.14.37047.17.30.278 141996 3234.4 5001.7 5.6 14149.1 50.4 0.79
$\frac{1221504.94891.67697.37.321354.0150.81.67}{40047430.63202.14882.44.37427.82.81.27}$
8 14859.6 6428.5 9903.3 5.8 14826.4 33.1 3.58
12 22282.7 9677.2 15013.8 6.3 22194.3 88.4 5.93
600 477728 48019 73502 44 77695 33 300
8 15589.4 9624.3 14806.8 5.8 15568.4 21.0 7.49
12 23455.7 14472.1 22408.4 7.0 23397.9 57.7 14.13
0.3 200 490422 1606 2481.2 4.2 90266 156 0.29
8 18187.2 3251.3 5108.1 6.3 18062.2 125.0 0.87
12 27709.4 4944.3 7874.8 8.0 27355.7 353.6 2.21
400 494775 320\’o.5 4951 46 94676 99 132
8 18995.3 6446.8 10034.2 6.1 18926.1 69.1 3.42
12 28593.8 9730.3 15197.3 7.5 28402.1 191.6 7.33
600 498154 4806 7323.1 4.9 98095 59 304
8 19674.4 9642.4 14976.3 6.2 19629.7 44.7 7.83
$\frac{1229699..114523.222654..57..529591.3107.718..38}{0.62004984241618.425212509807.035.4032}$
8 20135.7 3322.6 5292.1 8.1 19827.2 308.4 1.52
12 31137.1 5158.7 8209.3 8.8 30284.4 852.6 8.05
400 410216.9 3216.4 5025.3 5.2 10201.4 15.5 1.45
8 20772.8 6509.6 10304.1 7.0 20613.2 159.5 5.30
12 31402.7 9899.5 15747.1 8.2 31003.3 399.3 18.61
600 4105996 4814 74041 53 105856 14.0 3.13
8 21326.1 9700 15136.6 7.5 21234.0 92.0 11.14
12 32247.8 14672.4 23079.2 9.0 32006.2 241.5 29.84
2:
$\sigma$ $n$ $K$ #int $\#fixO$ #fixl #col #row $z^{*}$ CPU solved
0.0 200 410 159200.0 800.0 0.0 0.0 7047.1 0.2 10
87 317792.3 1246.9 960.8 1629.3 14149.4 1.1 10
12 5476051.1 1507.4 2441.5 4087.8 21354.5 2.5 10
400 410 638400.0 1600.0 0.0 0.0 7427.8 1.2 10
8 71274708.0 2368.4 2923.7 4512.2 14826.5 4.5 10
12 91914132.0 4377.3 1491.2 2272.5 22194.3 6.5 10
600 410 1437600.0 2400.0 0.0 0.0 7769.5 3.0 10
892873661.0 4347.5 1991.6 2849.6 15568.4 8.2 10
12 84308131.0 5944.0 6024.9 8511.9 23398.0 18.2 10
0.3 200 49159118.8 749.8 134.4 238.0 9026.9 0.3 10
8731790241275.9 821.7 1430.9 18062.5 0.9 10
12 5476232.3 1547.8 2219.9 3756.4 27356.2 4.1 10
400 410 6384000 1600.0 0.0 0.0 9467.6 1.3 10
891276229.0 2934.8 836.7 1340.6 18926.2 3.6 10
12 61911771.0 3220.2 5009 7913.3 28402.4 12.3 10
600 410 1437600.0 2400.0 0.0 0.0 9809.5 3.0 1
8 92874012.0 4371.3 1616.3 2429.5 19629.7 8.7 10
12 44301969.0 3315.8 14715.3 21826.1 29591.5 30.3 10
0.6 200 49159124.6 749.4 126 221.9 9807.0 0.3 10
8 2316977.4 690.2 2332.4 3958.1 19829.1 15.0 10
$\frac{120474601..2592.94805.97772.230303..4726..80}{40049638136714716391.7637.91020141410}$
8 21272516.0 1130.4 6353.2 10136.9 20613.5 7.9 10
12 $0$ 1906622.0 809.9 12568.5 19437.9 31005.9 300.8 9
600 410 1437600.0 2400.0 0.0 0.0 10585.6 3.1 10
8 42868446.0 2251.0 9302.8 13956.6 21234.3 17.4 10
12 24299009.0 2069.6 18921.3 27765.2 32007.1 139.3 10
182




(iii) $\alpha=5$ , CPLEX







. , $n=600,$ $K=12$ .
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